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A  two-dimensional  model  of  the  meridian  section  of  a  breech  ring  was  made  of 
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00,^*^1473  EDt-nOM  OF  t  NOV  6S  IS  obsolete  53  UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 


SECURITY  CLASSIFICATION  OP  TWIS  PAGEH^*?!  D*t*  Entarad) 


54 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfW*®"  Data  Enfrad) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  Z.  GOVT  ACCESSION  NO. 

ARLCB-TR- 80019 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  (end  Subtitle) 

VARIATIONAL  METHODS  OF  CONVOLUTION  INTEGRAL 

AND  OF  LARGE  SPRING  CONSTANTS  -  A  NUMERICAL 
COMPARISON 

S.  TYPE  CH  REPORT  4  PERIGC  COVEREO 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHOR^ 

Julian  J*  Wu 

8.  CONTRACT  OR  GRANT  NUMBER/*) 

a 

t 

j 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADORE5S 

Benet  Weapons  Laboratory 

Watervliet  Arsenal,  Watervliet,  NY  12189 
DRDAR-LCB-TL 

10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  4  WORK  UK  IT  NUMBERS 

AMCMS  No.  36KA7000204 

DA  Project  No.  156401813GRN 
PR0N  No.  1A0215641A1A 

11.  CONTROLLING  OFFICE  NAME  AND  AOORESS 

US  Army  Armament  Research  and  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

IZ.  REPORT  OATE 

June  1980 

13.  NUMBER  OF  PAGES 

14 

14.  MONITORING  AGENCY  NAME  4  ADDRESS//*  different  from  Controllin 4  Ot(ica) 

15.  SECURITY  CLASS,  (of  Me  report) 

UNCLASSIFIED 

15  a.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (at  Me  Report) 

Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (of  the  ebe  tract  entered  in  Block  20,  If  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

Presented  at  the  Army  Numerical  Analysis  &  Computer  Conference, 

NASA  Ames  Research  Center,  Moffett  Field,  CA,  20-21  February  1980. 

19.  KEY  WOROS  (Continue  on  referee  aide  if  neceeaary  and  Identify  by  block  number) 

Variational  Methods 

Finite  Elements 

Convolution  Integrals 

Initial  Value  Problems 

20.  ABSTRACT  (Continue  on  reverae  aide  if  neceaeary  and  identify  by  block  number) 

Finite  element  solution  formulations  have  been  carried  out  for  a  simple  initial 
value  problem  based  on  two  different  variational  statements:  that  of  convolu¬ 
tional  integral  developed  by  Gurtin  and  that  of  large  spring  constants  adapted 
by  this  writer  for  initial  value  problems.  Numerical  results  indicate  that 
both  generate  convergent  solution  to  the  given  initial  value  problem  of  a 
spring-mass  system  subjected  to  a  harmonic  forcing  function. 

DD  ,  j^“73  1473  EOITION  OF  t  NOV  65  IS  OBSOLETE  ,-j.  UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE(T*h«f  Dmtm  Enfrmd) 


56 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWhen  D»e  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

t.  REPORT  NUMBER 

ARLCB-TR-80020 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT’S  CATALOG  NUMBER 

4.  TITLE  (and  Subtl tia) 

FACTORS  INFLUENCING  THE  DURABILITY 

OF  CHROME  PLATE 

5.  TYPE  OF  REPORT  &  PERIOD  COVERED 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORO) 

R.  S.  Montgomery  and  F.  K.  Sautter 

3,  CONTRACT  OR  GRANT  NUMBERS 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  and  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  N.  Y.  12189 

10  PROGRAM  ELEMENT.  PROJECT,  TASK 

AREA  4  WORK  UNIT  NUMBERS 

AMCMS  No.  611102H. 600011 

DA  Project  No.  1L1611102AH60 
PRON  No.  1A825497GGGG 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  and  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover,  New  Jersey  07801 

12.  REPORT  DATE 

June  1980 

13.  NUMBER  OF  PAGES 

8 

14.  MONITORING  AGENCY  NAME  &  ADORES S(if  different  from  Controlling  Office) 

IS.  SECURITY  CLASS,  (ol  thia  raport) 

UNCLASSIFIED 

ISa.  DECLASSIFICATION/^  DOWNGRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thie  Report) 

Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  ( of  the  mbatract  entered  in  Block  20,  It  different  from  Report) 

t 

r 

i 


18.  SUPPLEMENTARY  NOTES 
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The  bores  of  many  cannon  tubes  are  electroplated  with  chromium.  This  is  done 
to  provide  better  resistance  to  erosion  and  wear  and  in  the  case  of  naval 
guns  to  provide  corrosion  resistance  as  well.  The  resistance  of  chrome  plate 
to  erosion  and  wear  is  so  good  that  there  is  little  or  no  wear  of  the  bore 
until  the  chromium  begins  to  spall  off  the  steel  substrate.  In  the  present 
research  the  effects  of  various  factors  on  the  durability  of  the  plate  were 
investigated  using  a  geared  roller  test  machine.  It  was  found  that  the 
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important  stress  is  the  shear  stress  in  the  plane  normal  to  the  direction  of 
rolling  rather  than  the  maximum  shear  stress;  this  corresponds  to  the  maximum 
shear  strain.  This  result  has  application  to  the  subcase  fatigue  or  "case 
crushing"  failure  of  case-hardened  gears.  The  failure  on  repeated  loading  was 
found  to  be  in  the  substrate  steel  immediately  below  the  interface  rather 
than  at  the  interface  itself.  The  durability  of  the  plated  surface  decreased 
by  about  half  as  its  thickness  was  increased  from  0.15  to  0.41  mm  although 
most  or  all  of  this  can  be  attributed  to  the  increased  shear  stress  near  the 
interface  for  the  thicker  electroplates.  It  was  also  found  that  residual 
compressive  stress  in  the  substrate  steel  had  a  great  effect  on  durability; 
even  the  mild  residual  compressive  stress  introduced  into  the  steel  surface  by 
sand  blasting  before  plating  increased  durability  many-fold.  Finally  it  was 
found  that  a  bainite  microstructure  rather  than  the  usual  tempered 
martensite  caused  a  significant  decrease  in  durability. 
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